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PYROLYTIC ASSESSMENT OF THE RECALCITRANCE OF 
HYDROTHERMAL CARBONIZATION PRODUCTS FROM 
EUCALYPT SAWDUST AS AN INDEX OF ITS PERFORMANCE 
FOR ATMOSPHERIC CO2 SEQUESTRATION
The hydrothermal carbonization basically consists of a 
thermal treatment of biomass mixed with water, in a closed 
vessel at relatively low temperatures (< 250 ºC). Under these 
conditions, the chemical structure of biomass is heavily 
transformed, via dehydration, condensation and aromatization 
processes. As a result, the obtained solid product (here 
denoted as hydrochar) exhibits higher percentages of carbon 
(C ~ 70%) in relation to the biomass (C ~ 50%) and abundant 
oxygen functional groups  (typical O/C atomic ratio ~ 0.2–0.4) 
[1]. The carbon in the hydrochar product is believed to consist 
mainly of aromatic ring structures [2]. Our hypothesis is that 
hydrothermal carbonization of biomass may constitute a way 
to transform the biodegradable biomass carbon into non-
biodegradable carbon, thus representing an efficient way to 
sequestrate atmospheric CO2.
Fig. 1. Left (a,b): Original eucalypt sawdust observed under the scanning 
electron microscope. Right (c,d): Changes in microstructural features after 
hydrothermal carbonization.
For hydrothermal carbonization, eucalypt sawdust was 
dispersed in water (50 mL), stirred for 4 hours and autoclaved 
at 250 ºC (38 bar) with stirring. The solid product (hydrochar) 
was dried at 120 ºC for 4 hours. Following this scheme two 
hydrochar products were prepared under different conditions: 
a) SE-L sample (2 g of sawdust and 18 h of reaction time) 
and b) SE-C (8 g of sawdust and 2 h of reaction time). 
Pyrolysis was carried out at 500 ºC in a Pyrojector-II (SGE 
Analytical Science) connected to a GC/MS system with a 
Finnigan Trace DSQ mass spectrometer. The chromatograph 
had an HP-1 capillary column (30m × 250 µm), and the 
helium was adjusted to 1 ml min-1. Oven temperature was 50 
ºC for 1 min,  then increased up to 100 ºC at 30 ºC min-1, from 
100 to 300 ºC at 10 ºC min-1 and isothermal at 320 ºC.
The pyrolysis data results from the untreated sawdust 
showed the expected patterns from lignocellulosic materials, 
with a large variety of peaks derived from carbohydrate and 
lignin, including the typical twelve methoxyphenols. The 
pyrolytic signature dramatically changed after hydrotermal
carbonization, with no significant differences between 
samples SE-C and SE-L.
Fig. 2. Pyrograms of eucalypt sawdust and its hydrothermal carbonization 
products
The pyrograms from the hydrochars were dominated by 
dimethoxyphenol and trimethoxybenzene, as well as for 
minor peaks of furans and tiophenes. The new pattern is 
interpreted as due to demethoxylation and condensation of 
lignin, the transformation of native carbohydrate and the 
generation of a recalcitrant residue not readily amenable to 
analytical pyrolysis. The results were compared with those 
from natural black carbon samples collected from 
environments affected by wildfires or biomass combustion. 
The additional results confirm the high efficiency of the 
hydrothermal method, leading to a pyrolytic pattern similar to 
that from heavily carbonized materials, but with lower loss of 
weight and energy.
Fig. 3. Pyrograms of reference black carbon (BC) preparations obtained 
under the same pyrolysis conditions
References
1. J. P. Schuhmacher, F. J. Huntjens and D.W. Van    
Krevelen, Fuel., 39 (1960) 223.
2. M. Sevilla, Ph.D. Thesis, Oviedo, January 2008.
M. Sevillaa, A.B. Fuertesa, Z. Hernándezb, A. Piedra-Buenab, 
L. Cuadrab, E. Fernándezb, G. Almendrosb
aInstituto Nacional del Carbón (CSIC), c/ Francisco Pintado Fe, 26, La Corredoria 33011 Oviedo, Spain; bCentro de Ciencias 
Medioambientales (CSIC), Serrano 115B, 28006 Madrid, Spain. E-mail: humus@ccma.csic.es
a                                        b                      
c                                      d
SE-C
SE-L
Sawdust
10.0 20.0 30.0 40.0 50.0 min
10.0 20.0 30.0 40.0 50.0 min
Oak char 1
Oak char 2
Fossil char
BC 2
C-Merck 2
C-Merck 3
BC soil 1
BC soil 2
C16
C15C14
(plasticizer
compound)
(phthalate)
